INTRODUCTION {#sec1-1}
============

Chronic obstructive pulmonary disease (COPD) is the fourth leading cause of death in the world (WHO, 2000) and it is ranked among the first causes of disability in developed countries. COPD is a disease with substantial social costs. Exacerbation is the main cause of hospital admission in COPD patients. Exacerbation implies a substantial impairment of patient respiratory ability and quality of life and can even lead to death. It has been demonstrated that only smoking cessation can produce a relative slowdown in the chronic course of the disease while pharmaceutical therapies aim to improve patient\'s quality of life by reducing exacerbation frequency and severity.\[[@ref1]\]

The Global Initiative for Chronic Lung Disease (GOLD) was established in 1997. Its goals are to increase awareness of COPD and decrease mortality and morbidity from the disease. The GOLD guidelines define COPD as a disease state characterized by airflow limitation that is not fully reversible, it is usually progressive and is associated with an abnormal inflammatory response of the lungs to inhaled noxious particles or gases.\[[@ref2][@ref3]\]

Global Initiative for Chronic Obstructive Lung Disease estimates suggests that COPD will raise from the fourth to the third most common cause of death world wide by 2020. The GOLD 2004 guideline classifies disease severity in four stages based on chronic symptoms, forced expiratory volume in 1 s (FEV~1~), and forced vital capacity (FVC).\[[@ref4][@ref5]\]

This pragmatic staging approach aims to simplify practical patient management and offer some general indications for pharmacotherapeutic choice. At the stage I, bronchodilators are generally prescribed on an as-needed basis for relief of persistent, or worsening, symptoms. The most commonly used bronchodilator drugs include β2-agonists, anticholinergics, and methylxanthines. At stage II, GOLD guidelines recommend the addition of pulmonary rehabilitation and regular treatment with one or more long-acting bronchodilators. Pulmonary rehabilitation aims at resolving a range of nonpulmonary problems including social isolation altered mood states (especially depression), muscle wasting and weight loss. The addition of regular treatment with inhaled glucocorticosteroids is appropriate for symptomatic COPD patients with an FEV~1~ \< 50% predicted (stage III and stage IV). Combined inhaled glucocorticosteroids, and long-acting β2-agonists, are more effective than the individual components; according with GOLD judgments, combining drugs with different mechanisms and durations of action might increase the degree of bronchodilation with equivalent or fewer side-effects. Long-term oxygen therapy is generally added in stage IV, whereas other pharmacological treatments (such as antioxidants and mucolytic agents) are frequently used as adjuvant therapy.\[[@ref6][@ref7]\]

Cost-effectiveness analysis (CEA) is a form of economic analysis that compares the relative costs and outcomes (effects) of two or more courses of action. CEA is distinct from cost-benefit analysis, which assigns a monetary value to the measure of effect. CEA is often used in the field of health services, where it may be inappropriate to monetize health effect. Typically the CEA is expressed in terms of a ratio where the denominator is a gain in health from a measure (years of life, premature births averted, and sight-years gained) and the numerator is the cost associated with the health gain. The most commonly used outcome measure is quality-adjusted life years (QALY).\[[@ref8]\]

Examples include the number of people cured of the disease, the mmHg reduction in diastolic blood pressure and the number of symptoms free days (SFDs) experienced by a patient. The selection of the appropriate effect measure should be based on clinical judgment in the context of the intervention being considered.

CEA compares the relative difference of costs and consequences of different treatment strategies. In CEA, costs are measured in monetary terms and health consequences are measured in natural or physical units.

The incremental cost-effectiveness ratio (ICER) is an equation used commonly in health economics to provide a practical approach to decision-making regarding health interventions.\[[@ref9]\] It is typically used in CEA. ICER is the ratio of the change in costs to incremental benefits of therapeutic intervention or treatment. The equation for ICER is:

ICER = (*C*~1~ -- *C*~2~)/(*E*~1~ -- *E*~2~)

where *C*~1~ and *E*~1~ are the cost and effect in the intervention or treatment group and where *C*~2~ and *E*~2~ are the cost and effect in the control care group. Costs are usually described in monetary units while benefits/effect in health status is measured in terms of QALYs gained or lost.

Incremental cost-effectiveness ratio provides a means of comparing projects or interventions across various disease states and treatments. As seen in the equation above, the ratio is created with the units of cost per benefits/effect unit. By using this ratio, comparisons can be made between treatment modalities to determine, which provides a more cost-effective therapy. ICER studies thus provide an opportunity to help contain health care costs without adverse health consequences. They also provide to policy makers information on where resources should be allocated when they are limited. As health care costs have continued to rise, many new-clinical trials are attempting to integrate ICER into results to provide more evidence of potential benefit.\[[@ref10]\]

Current clinical guidelines recommend combined inhaled corticosteroids and bronchodilators as the mainstay of therapy for severe and very severe COPD patients.

Thus, the aim of the present study is to evaluate the clinical and economic consequences of the implementation of GOLD 2004 guidelines for severe and very severe COPD patients and to find out the most cost-effective drug combination among the three different drug combinations: Salmeterol/fluticasone (SF), formoterol/budesonide (FB), formoterol/fluticasone (FF) in COPD patients.

MATERIALS AND METHODS {#sec1-2}
=====================

We planned a CEA on the use of combined inhaled glucocorticosteroids and long-acting β2-agonists to evaluate the relative pharmacoeconomic performance of the three different drug combinations (SF; FF; and FB)The CEA is the typical economic evaluation that should be performed when comparing two or more therapeutic alternatives whose clinical efficacy is not equivalent. In this analysis, both the costs and the health consequences of the alternatives are examined. The three therapeutic alternatives considered were:Salmeterol/fluticasone (SF): Use of combined SF 25/250 μg bid in GOLD stages III and IV patients in addition to the standard therapy already in useFormoterol/budesonide (FB): Use of combined FB 6/200 μg bid in GOLD stages III and IV patientsFormoterol/fluticasone (FF): Use of combined FF 6/250 μg bid in GOLD stages III and IV patientsThe direct comparison between two alternatives is obtained through the ICER. Comparing strategy 1 with strategy 2, the ICER value represents the relative increment of cost at which a relative unitary increment of benefit could be obtained. If we indicate the cost of the two alternatives by *C*~1~ and *C*~2~ and the benefits (for instance, life years saved, hospitalization avoided, etc.) by *B*~1~ and *B*~2~ this gives Eq. (1)ICER = *C*~1~ − *C*~2~/*B*~1~ − *B*~2~ (1)

Plan of work {#sec2-1}
------------

Ethical Committee approval was obtained from Institutional Review Board Committee of a teaching hospitalInformed consent was taken from patientsLiterature review related to the study was doneDesigning a data collection formSpirometry (mainly FEV~1~)To record and compare the average number of SFDs for each therapeutic alternativeTo study and compare the number of moderate and severe exacerbation for each therapeutic alternativeCosts (direct, indirect, and total cost)Review of patientsReport the data collected.

Study site {#sec2-2}
----------

The study was conducted in the outpatient and in-patient setup of Pulmonology Department of Princess Esra Hospital, a tertiary care teaching hospital in South India, during the period September 2013 to February 2014. It is a 1000-bedded teaching hospital situated in the heart of the city of Hyderabad, providing specialized health care services to all people.

Study design {#sec2-3}
------------

A hospital-based prospective observational comparative study was conducted on 90 COPD patients. Data were collected from both case records and patients. Study period 6 months.

Sample size {#sec2-4}
-----------

A total of 90 patients who took treatment for COPD are selected according to inclusion and exclusion criteria for the study.

Study criteria {#sec2-5}
--------------

The following categories of patients admitted in RICU and MICU ward (inpatients) and also outpatients are enrolled into the study.

### Inclusion criteria {#sec3-1}

Patients of both genders (male and female) above 18 yearsThose patients who are prescribed with any one of the following drug combination: SF; FF; and FBPatients who are willing to give their informed consent to participate in the studyPatients in RICU and MICU who are diagnosed with COPD.

### Exclusion criteria {#sec3-2}

Patients who are not willing to participate in the studyPregnant woman are excludedPediatrics patients are excludedPatients without COPD.

Source of data {#sec2-6}
--------------

Patient\'s data relevant to the study will be obtained from the following sources:

Patient case recordPatient is counselling.

Expected outcomes {#sec2-7}
-----------------

The 6 months average exacerbation numberSymptom-free days per patientPercentage of FEV~1~ per patient.

Costs and cost perspective {#sec2-8}
--------------------------

Direct costs take into account hospitalizations, medical visits, laboratory investigations, pharmaceutical treatments (different from SF, FB or FF), oxygen therapy, lung ventilation, travelling cost, and rehabilitative therapyIndirect costs account for lost productivity of the patient and first degree relativesWe have classified both direct and indirect costs in two parts; one caused directly by exacerbation and one independent of themThe pharmaceutical cost for the active treatment (SF, FB, or FF) should be added to direct exacerbation independent cost.

Assessment {#sec2-9}
----------

We used five different parameters to assess the cost-effectiveness of SF/FB/FF:

Spirometry test (mean FEV~1~ initial and final visit)Number of -SFDsNumber of moderate and severe exacerbationsDirect, indirect and total costNumber of days of hospitalization.

Statistical analysis {#sec2-10}
--------------------

Data were analyzed using Statistical Program for Social Science (SPSS) version: 13.0 (IBM Company). Descriptive statistics for improvement in lung functions are presented as mean and 95% confidence interval (CI). To assess the similarities between the groups at baseline analysis of variance (ANOVA) were used. General linear repeated measures using *post-hoc* Bonferroni method assessed significance between treatment groups during the study. The significant improvements in treatment groups were assessed by one-way ANOVA using *post-hoc* Bonferroni that compared means of FEV~1~, moderate and severe exacerbation, SFDs, costs (direct, indirect, and total cost) during individual follow-ups. Paired sample "*t*"- test was also used to assess the significant difference between different treatment groups. Statistical significance was fixed at *P* \< 0.05.

RESULTS {#sec1-3}
=======

A total of 90 COPD patients were assessed for cost-effectiveness of combined inhaled corticosteroids and bronchodilators (SF/FB/FF) with respect to spirometry (mainly FEV~1~), SFDs, number of moderate and severe exacerbation and costs (direct, indirect, and total cost) during the period of 6 months. These 90 COPD patients are divided into three groups (Group I, Group II, and Group III), each group consisting of 30 patients with an equal number of severe and very severe COPD patients. Group I subjects are those who are prescribed with medication SF, Group II subjects with medication FB, and Group III with medication FF.

Data were collected at two points one at the initial visit, that is, as soon as the patient diagnose with severe or very COPD and was prescribed with any one of the three combinations (SF/FB/FF) and the other after using the same medication for 6 months (that was prescribed at the initial visit). The test data obtained are enumerated in [Table 1](#T1){ref-type="table"}.

###### 

Mean±SD of patient demographic characteristics and other parameters

![](PCR-6-150-g001)

There were 171 episodes of exacerbation during the study period, of which 124 (72.5%) were classified as moderate, and 47 (27.5%) were severe. Of the 171 exacerbations, 128 (74.85%) used outpatient resources, 60 (35%) used ED resources and 47 (27.5%) were hospitalized as mentioned in [Table 2](#T2){ref-type="table"}.

###### 

Number of exacerbations visited to various departments

![](PCR-6-150-g002)

DISCUSSION {#sec1-4}
==========

Attention to COPD is constantly increasing worldwide because its high prevalence, morbidity, and mortality represent a challenging problem for all healthcare systems. The burden of COPD, measured as its impact on patients' symptoms and quality of life and the corresponding use of healthcare resources, is still a major aspect of the disease. For these reasons healthcare decision makers, before deciding which strategies should be preferred, need to improve their understanding of the concept of good value for money, in order to control the disease and reduce the huge costs required to meet patients' needs.\[[@ref11][@ref12]\]

It is now well established that the main proportion of COPD costs depends on the clinically uncontrolled disease and its high exacerbation rate, frequently leading to the patients' hospitalization.\[[@ref13]\] Recommendations to treat COPD according to the most accepted guidelines have been disseminated over recent years even though COPD remains under-diagnosed and under-treated worldwide. Obviously, more severe degrees of COPD have received most attention both in terms of monitoring of clinical outcomes and in assessing the economic value of therapeutic interventions, although the effects of guideline recommendations have been investigated in terms of pharmacoeconomic convenience only.\[[@ref14][@ref15]\]

There is a good general consensus that combining medications of different pharmacological classes represents a much more convenient strategy in COPD, particularly for severe or very severe disease.\[[@ref16]\] Additional effects have, in fact, been proven both in functional and in clinical terms under these conditions. In particular, health status, quality of life and exacerbations represent the most affected outcomes in severe (basal FEV~1~ \< 50% predicted) and very severe COPD patients (basal FEV~1~ \< 30% predicted) when treated with combined long-acting β2-agonists and inhaled corticosteroids over time. These data highlighted the favorable therapeutic performance of SF, FB, and FF thus suggesting that healthcare costs would be also affected positively.\[[@ref17][@ref18]\]

Current practice guidelines for the treatment of COPD recommend the use of combined inhaled corticosteroids and long-acting bronchodilators in severe and very severe patients (GOLD stages III and IV).\[[@ref19]\]

The main scope of this study was to evaluate the clinical and economic consequences of implementation of GOLD guidelines for severe and very severe COPD patients.

A prospective observational comparative study (CEA) was conducted to assess the cost-effectiveness of combined inhaled corticosteroids and bronchodilators. We developed a CEA on three alternative therapeutic strategies (SF; FB; FF).

During the 6-month study period, a total of 90 COPD patients among which 62 (68.9%) are males and 28 (31.1%) are females were assessed for cost-effectiveness of combined inhaled bronchodilators and corticosteroids \[[Figure 1](#F1){ref-type="fig"}\]. The highest number of patients (*n* = 21) were in the age group of 66-70 years \[[Figure 2](#F2){ref-type="fig"}\]. Among 90 patients enrolled for the study, 28 (31.1%) patients are employed, 25 (27.78%) patients are housewives, 7 (7.78%) patients are unemployed and 30 (33.33%) patients are retired \[[Table 3](#T3){ref-type="table"}\].

![Gender distribution of patients](PCR-6-150-g003){#F1}

![Age distribution of patients](PCR-6-150-g004){#F2}

###### 

Education distribution of patients studied

![](PCR-6-150-g005)

In our study of 90 COPD patients, it was observed that 30 (33.33%) patients are a current smoker, 17 (18.9%) patients are ex-smoker, 5 (5.55%) patients were addicted to alcohol, 10 (11.11%) patients were addicted to both tobacco and alcohol and 28 (31.11%) patients had no social addictions \[[Figure 3](#F3){ref-type="fig"}\]. Among 90 participants, 23 (25.5%) subjects had positive family history of COPD and 67 (74.5%) subjects had no family history of COPD \[[Table 4](#T4){ref-type="table"}\].

![Social history of patients](PCR-6-150-g006){#F3}

In our study, we have divided 90 COPD patients into three groups (Group I, Group II, and Group III) each group consisting of 30 patients. Group I was prescribed with medication SF, Group II was prescribed with medication FB, and Group III was prescribed with medication FF. Costs and outcomes were noted for each group.

###### 

Family history of COPD patients studied

![](PCR-6-150-g007)

In our study, we used FEV~I~ (initial visit and final visit), SFDs, number of moderate and severe exacerbation and costs (direct, indirect and total cost) to assess the effectiveness of SF, FB, and FF. We have used paired Student\'s *t*-test and ANOVA for analyzing the differences.

Mean age for Group I (SF) subjects was 60.5 years (standard deviation \[SD\] = 9.41), mean age for Group II (FB) subjects was 62.5 (SD = 9.69) and mean age for Group III (FF) subjects was 63.13 (SD = 10.61). Mean duration of disease for Group I subjects was 3.76 (SD = 2.77), mean duration of disease for Group II subjects was 3.12 (SD = 2.06), mean duration of disease for Group III subjects was 2.95 (SD = 1.89) \[[Table 1](#T1){ref-type="table"}\].

The average FEV~1~ for Group I, Group II, and Group III subjects at initial visit was 33.47%, 33.73% and 33.20% and was increased to 36.60%, 35.8%, and 33.4. A 3% increment in FEV~1~ was reported for Group I subjects (SF) and was highly significant statistically (*t* = −8.833, *P* = 0.000) at 95% CI. For Group II subjects (FB), a 2% increment in FEV~1~ was reported and was highly significant statistically (*t* = −9.001, *P* = 0.000) at 95% CI. For Group III subjects 0.2% increment in FEV~1~ was reported which was not significant statistically \[[Table 5](#T5){ref-type="table"}, [Figure 4](#F4){ref-type="fig"}\].

![Initial visit forced expiratory volume in 1 s (FEV1) and final visit FEV~1~ with different treatment groups](PCR-6-150-g008){#F4}

###### 

Mean FEV~1~ (initial and final visit) with different treatment groups

![](PCR-6-150-g009)

In our study, we observed that the average number of moderate exacerbation per patient of Group I, Group II, and Group III subjects during the 6 months period was 1.2 (±0.41), 1.37 (±0.56), 1.53 (±0.63). Average number of severe exacerbation per patient of Group I, Group II, and Group III subjects during the 6 months period was 0.43 (±0.57), 0.50 (±0.57), and 0.63 (±0.61) respectively \[[Table 6](#T6){ref-type="table"}\]. Our study builds on the results of other economic analysis investigating the burden of COPD and COPD exacerbations. Miravitlles *et al.*\[[@ref20]\] have reported an average cost of exacerbation at \$159. Costs were based on the cohorts of 2414 patients over a 1 month time horizon.

###### 

Costs (rupees) and outcomes at the end of 6 months (average values per patient)

![](PCR-6-150-g010)

Andersson *et al.*\[[@ref21]\] reported costs of moderate and severe exacerbation at SEK 2111 and SEK 21,852, respectively. The small study cohort (*n* = 61) was based on a larger epidemiological cohort. The cost driver in the severe category was hospitalization cost, which accounted for more than 90% of the overall mean cost. However, the average length of hospital stay (6.6 days) was similar to that of present study.

The average total number of hospital days per patient of Group I, Group II, and Group III subjects was 4.8 (±6.28), 5.97 (±6.93), and 7.37 (±7.63), respectively.

The SFDs per patient using SF, FB and FF strategy was 36, 33 and 28 during the 6 months period \[[Figure 5](#F5){ref-type="fig"}\].

![Symptom free days in 6 months with different treatment groups](PCR-6-150-g011){#F5}

The cost of moderate exacerbation per patient using SF strategy was Rs. 1895/-, FB strategy was Rs. 2200/-, and with FF strategy was Rs. 2576/-. The cost of severe exacerbation per patient using SF strategy was Rs. 13,286/-, FB strategy was Rs. 15,718/-, and with FF strategy was Rs. 19,883/-.

The overall mean direct cost for Group I, Group II, and Group III subjects during the 6 months period was found to be Rs. 26,955/-, Rs. 29,600/-, and Rs. 33,924/-. The overall mean total cost for Group I, Group II, and Group III subjects during the 6 months period was found to be Rs. 29,725/-, Rs. 32,602/-, and Rs. 37,155/- \[[Table 6](#T6){ref-type="table"}, [Figure 6](#F6){ref-type="fig"}\]. Incremental cost-effectiveness of FB versus SF was Rs. 37,781/- per avoided exacerbation and Rs. 661/- per SFD \[[Table 7](#T7){ref-type="table"}\].

![Direct cost, indirect cost, and total cost (moderate + severe + independent of exacerbation) with different treatment groups](PCR-6-150-g012){#F6}

###### 

ICER calculation with respect to the less expensive strategy (salmeterol+fluticasone)

![](PCR-6-150-g013)

However, other studies, viz., Dal Negro *et al.* reveals that the average exacerbation number per patient at the end of a life-long simulation for patients using SF strategy was 9.09, FB was 9.66 and salmeterol alone was 10.07. The average SFDs per patient was 257 (SF), 220 (FB) and 55 (salmeterol). The average direct cost at the end of a life-long simulation for patients using SF strategy was € 34,037, FB strategy was € 33,944 and salmeterol was € 33,369, respectively. Incremental cost-effectiveness of SF versus salmeterol was € 679.5 per avoided exacerbation and € 3.3 per SFD.

The same conclusion was drawn in recent studies (Gagnon *et al.*, 2005; Lofdahl *et al.*, 2005; Spencer *et al.*, 2005), based on similar approach, developed for the US, Canadian, and Swedish healthcare systems, respectively.

Limitations of the study {#sec2-11}
------------------------

The study was carried out for a short term period of 6 months. A long-term study with a larger group of patients can be carried out in the RICU department as the treatment requires longer duration and more number of follow-ups. Among 90 patients enrolled for the study, 2% of the patients have not utilized SFDs form.

CONCLUSION {#sec1-5}
==========

There is a good general consensus that combining medications of different pharmacological classes represents a much more convenient strategy in COPD, particularly for severe or very severe disease. Additional effects have in fact been proven both in functional and in clinical terms under these conditions. In particular, health status, quality of life, and exacerbations represent the most affected outcomes in more severe COPD (basal FEV~1~ \< 50% predicted) when treated with combined long-acting β2-agonists and inhaled corticosteroids over time. This study highlighted the favorable therapeutic performance of combined inhaled bronchodilators and corticosteroids (SF/FB/FF), thus suggesting that healthcare costs would be also affected positively. Results from our study showed that the recommended use of combined inhaled corticosteroids and long-acting bronchodilators for severe and very severe COPD patient treatment, compared with current practice, had the potential to improve clinical outcomes, and consequently patients' quality of life, without increasing healthcare costs.

Based on five different parameters used in our study to assess the cost-effectiveness of combined inhaled bronchodilators and corticosteroids, we found that SF and FB were the most effective strategies with a slight clinical superiority of SF. The FF strategy was not much effective (i.e. associated with fewer outcomes and higher costs).

This conclusion seems relevant not only from the patient\'s perspective (such as improvement of clinical conditions), but also from a societal perspective. This study confirm that it is possible to improve substantially the health status of severe and very severe COPD patients without further increasing social costs.
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